Th e presumed relationship between P grandicalcaratum Knuth 
Introduction
In a reapprais al of Peiargonium section Liglliaria (Sweet) Harv. (Albers el at. 1992) , based on karyological data, it was suggested that the sec tion is not monophyletic. Variation in chromosome number and size was used as a basis for subdividing the section into nine groups. It was proposed that some of these groups deserved recognition at sectional level, whereas others appeared to be more closely related to species from different sections of Pelargon ium .
Four species, P. grandiealcaratum Knuth. P olaviense Knuth , P. karooicum Compton & Barnes and P spinosum Willd., were shown to have a basic chromosome number of x = 10 an d large chromosomes and it was proposed that they should be placed in a new section . P otaviense a nd P. spinosum were forme rly classified in the sec tion Glallcophyllum Harv., but van der Walt el ai. (1 990) showed that they should be excluded from that sec lion.
The main aim of th is mu lt idisciplinary study was to determin e whether macromorphological and palynological characteristics, the phenOl ic composition a nd rbeL gene sequences confirm the presumed relationship of the fo ur species.
Material and Methods

Material
Origins of the plants investigated are given 111 Table I .
Palyno logy
liVing pollen grains were collected and treated according to the acetolysLS me thod (Nilsson & Praglowski 1992) . Observations were made wi th a Leitz Laborlux light microscope and a Joel scanning electron m icroscope (SEM), using secondary e lectron detection and an acceleration voltage of 5 kV Material for observation in the SEM was first sputter coated with gold for 1.5 min at 20 jJA . Twenty pollen grain s were examined and the polar and equatorial measurements were made from pollen grai ns which were mounted in 50% glycerine. Descriptions are based on obs ervations with both the ligh t microscope and SEM.
Ka ryology
For the chromosome counts , root tips were treated with 0.00 2 mol 8-hydroxyquinoline for 4 h at 20°C and fixed in 3: 1 absolute ethanol and glacial acetic acid. For meiosis. young flower buds were rued in fresh ly prepared 6:3: 1 absolute etha nol, chloroform and glacial acetic acid. The fixed material was stained in Snow's reagent (Snow 1963) and squashed in 45% acetic acid. Different chrom osome sizes can be distinguished in the karyotypes of the section Liguiaria. The chromosomes are classified into three classes based on size: 1, small 1.0-1.8 fUll; 2, medium 1.7-2.3 fUll ; 3, Jarge 2.0-3.0 ~m. Measurements were made from camera lucida drawings.
Phenolic compounds
The ph enolic compounds were detec ted with the aid of thin-layer chromatography (TLC) . For tbe one-dimensional TLC, dried , frozen or fresh mature leaf material was extracted in acetoneIH:zO. The sediment was extracted again in MeOHIH 2 0. The pooled extracts were concentra ted under red uced pre ssure and the resultant watery extract was defatted with petrolether by adding concentrated HC} (1: 1). Hydrolysis was achieved by beating at 100°C for 15 or 40 min. The produc ts of hydrolysis were extracted with ETOac. Flavones, flavonoles , antbocyan id ines and hydroxy benzoic acids were identified by chromatographic comparison cellulose TLC sheets (Merck) against authentic samples (Rot h), and with the aid of a spectral photometer (Marbry eI al. 1970) . HydrolysabJc tannins were detected in the crude ex tracts by a specific colour reac tion after Bate-Smith (1968) . The products of hydroJysable tannins were separated and detected by TLC but not exactly determined. The solvent used was CAW (5: 4) saturated with water. After treatment with 5% methanolic AIe l) the chromatogram s were analyzed under UV light (366 nm).
RbeL gene sequences
Total genomic DNA was isolated from fresh or silica gel-dried leaf tissue of PeJargonium species by grinding in liquid nitrogen, followed by extraction in hot eTAB buffer solution according to the method of Doyle & Doyle (1987) . DNAs were further purified by caesium gradient centrifugation in most cases, or by further isopro- 1993) . The PCR products were cleaned of primer by ultrafiltration with Centricon-lOO filter units (Amicon Corp.) and the gene was sequenced directly from both strands using standard dideoxy Chain-termination methods. Sequence data was compared by parsimony analysis using the programme package PAUP version (Swofford 1990) .
Results
Macromorphology
All four species have recently been described and illustrated: p Olaviense and P. spinosum by van der Wal t & Vorster (1981); P. grandicalearatum ( Figure 1 ) and P. karooicum by van der Walt & Vors ter (1988) . The reader is referred to these references for de tailed descriptions and illustrations of the species. The four species are sparsely to much -branc hed subshrubs or shrubs with subsucculent or somewhat woody stems . The leaves of P. grandicalcaralum, P. otaviense and P. spinosum are simple without deep incisions, whereas those of P. karooicum are palmately incised to palmately compound. The petioles of all four species are semi-persistent or persistent and in the case of P spinosum they fonn hard spines. All four species have flowers with five petals and seven fertile stamens. except P. karooicum which has five fertile stamens. P. grandicalcaraJum ( Figure 1 ) and P. otaviense have the same peculiar floral morphOlogy, in that their flowers are semi-closed and have a very prominent hypanthium . However, this may reflect similar adaptations to one type of pollinator. rather than indicate a common origin of the two species.
Palynology
The pollen grains of all four species can be described as more or less spherical, tricolporate, zonotreme monads. The size of the pollen grains varies from ca. 40 ~m in P otaviense to ca. 78 ~m in P. karooicum (Table 2 ). The exine of all four species is ca. S ~rn thick ( Table 2 ). The tectwn of P. grandicalcaratum and P. olaviense ( Figure 2 ) is considered to be fo veolate. whereas that of P. kal'Ooicum and P. spinosum is striate-reticulate.
Karyo logy
Previous chromosome counts of P. grandicalca rarum, P. otaviense, P. karooicum and P. spinosum are confirmed (van der Walt er al. 1990; Albers et al. 1992) . The four species have the same basic chromosome number, x ;;: 10, a rather uncommon number in the genu s (Table 2) . P. otaviense and P. spinosum are diplOids (2n ;;: 20), but tetraploid and hexaplOid counts have been made of P. grandicalcaratum. P. karooicum has the highest infraspecific polyploidy range (2x, 4x, and 6x). The infraspecific polyploidy levels show neither deviation in morphological features, nor geographical or edaphic preferences. The group is characterized by large chromosomes with very little size variation amongst the species.
Phenolic compounds (Table 3) The flavonoid patterns of P. grandicalcaratum and P otaviense
.,.
C/~
, . are identical. The quantities of the detected hydrobenzoic acids and the hydrolysable tannins of all four species are very similar.
The flavon oles of P. grandica!cararum, P. oraviense and P. spinosum consist of quercetin and kaempherol but these substances are lacking in P. karooicum. The only known flavone present in the group is luteolin. 
Geographical distribution (Figure 3)
The section Subsucculentia has a long distribution range in a north-south direction on the western side of southern Africa. Its distribution area stretches from tbe north-western part of Namibia southwards along the west coast to the Western Cape.
Only one species, P. olaviense, occurs north of 27°S latitude and is widely distributed in Namibia.
Key to species
lao Leaves palmately incised to compo und with linear segmentsl pinnae, stems decumbent, fertile stamens 5
. P. karooicum lb. Leaves simple without deep incisions, stems erect, fertile stamens 7 " " ". "" " . . ,, ' ". , ,., "" " ' " ' ' "",., , . Poir. : 759 (1812) .
Geranium pungens
Diagnostic features
Much-branched. spiny aromatic subshrub. Sterns subsucculen t. erect, bark of older stems peeling off in paper-like strip s. Leaves simple, subsucculent, glabrous but with glandular hairs, dimorphous ; large leaves unifoliolate, lam ina reniform, margin dentate , petiole much longer than lamina, persistent to form hard spines when lamina is shed; small leaves simple, petiole short and deciduous; stipules perSistent to form thorns. Pseudo-wn bels 3-lO-flowered. Pedicel as long as or longer than hypanthium.
Petals 5, white to light pin k, posterior two with purple feat herlike markings and sligh tly larger than anterior three. Fertile stamens 7.
Geographical distribution (Figure 4 ) P spinosum occurs in the southern part of Nam ibia and in the Northern Cape. It is especially commo n along the Orange River an d its distribution range strp-tches from the west coast eastward to near Upington . The annual rainfall is less than 200 mm and usually occurs during winter. P spinosum is found mostly along mountain slopes on rocky and sandy soil, between boulders. ,.. P roessingense Dinter: 47 (1914); Dinter: 376 (1920) . Topotype: Namibia: -'Diabas HUgel bei Roessing', Dimer 8463 ( KI ). Knuth: 312 (1915) . Type: Namibia -' Namib, Kieswuste bei Rossi ng , Engler 6070 (B').
Selected specimens studied
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P damarense
Diagnostic features
Sparsely branched, aromatic shrub. Stems rather woody, erect, bark peeling off in paper-like strips. Leaves simple, membranous, pubescent; lamina reniform to cordiform, shallowly 3-5-lobed, margin coarsely dentate; petiole as long as or longer than lami na. persisten t but not spinescent; stipu les persistent but not spinescent. Pseudo-umbels 2-6-flowered. Pedic el shorte r and much thinner than hypanthium . Petals 5, almost equal in size and shape, straight and almost paralle l so that flo wer rem ains partially closed, white, light greenish, pinkish or purplish with fine redd ish lines. FCr£ile stamens 7.
Geographical distribution ( Fig ure 5) p. otaviense is widely distributed in Namibia from the Kunene River in the north, to near the Orange River in the south. It extends from near the Atlantic Ocean eastwards to the Otavi Moun tain s. The entire area lies in the summer-rainfall region with an annual precipi tation of 200-600 mm. P. olaviense has
•.
". -Afr.Tydskr.Plantk. 1995, 61(6) been recorded on soils derived from granite, quartzite, dolomite and marble. Dinter: 343 (1920) . Geographical dist ribution (Figure 6 ) P. grandicalcaratum occurs in the south-western part of Namibia and in a strip parallel to the west co ast of the Cape Province. ]{ is ".
P squarrosum
Diagnostic features
,,·1·· .
----
' .
Figu re 6 Geographical distribution of P. grandicalcaratum.
also known from a single more inland locality in Lhe district of Montagu. The entire distribution area receives an annual rainfall of less than 200 mm during the winter months. P grandicalcaratum usually grows on sandy soil amongst rocks of granite or sandstone .
Selected specimens studied 
Pelargonium karooicum Compton in Transactions of the
Diagnostic features
Tuft-shaped subshrub, branched mostly at base. Stems subsucculent, decumbent, smooth. Leaves palmately incised but usually palmately compound, subsucculent, puberulous; lamina broadly ovate, pinnae/segments linear and semi-terete; petiole relatively short (2 -5 mm), semi-persistent; stipules membranous, not persistent. Pseudo-umbels 1-2-flawered. Pedicel much shorter than hypanthium. Petals 5, white, pale yellow or pink, posterior two with wine-red feather-like markings and slightly larger than anterior three. Fertile stamens 5 .
Geographical distribution (Figure 7)
P karooicum occurs in the Western Cape Province. Its distribution rangc stretches from the vicinity of Kleinsee in the northwest. to near Oudtshoorn in the east. Most of this area receives an annual rainfall of between 100 and 200 mm, but some parts may get as much as 400 mm . This area falls in the winter-rainfall region, although the eastern part also receives some rain during summer. P. karooicum is mostly found on rocky and sandy soil but has also been recorded from sandveld . 
Selected specimens studied
